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Abstract 
This work studies the feasibility of improving the thermal comfort in an electric UXV car cabin through a cooling 
device. The main components of the device consist of a membrane solar panel, four axial fans, and a rechargeable 
battery pack. The fans are solely powered by solar energy. The specifications of these components have been 
carefully examined and matched. The temperature and velocity fields in the cabin were simultaneously solved for 
through CFD means taking into consideration of the solar irradiation flux. Current results show that the accumulation 
of solar irradiation energy in the cabin can be effectively removed by the cooling device introduced. 
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1. Introduction 
The research and development of electric cars is getting more and more important in the past few years. 
As a matter of fact, the demonstration of the first electric vehicles was made as early as in the 1830s.  
However, the commercialized version of it was only available until the end of the 19th century. The power 
of a running electric car is supplied by a set of batteries that provides electricity to an electric motor as 
well as other onboard accessories, such as the lighting system, the audio system, and the air-conditioning 
system. Some of the most critical problems associated to the electric car are the cost, the weight, and time 
for recharge of the battery pack. These factors, in turn, attribute to the most critical bottleneck of the 
electric car which happens to be its relatively short mileage per charge [1]. Since air-conditioning system 
consumes a lot of power, the usage of air-conditioning system in electric car must be seriously considered 
in order to improve electric car mileage per charge [2].  
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Lin [3] has performed a numerical simulation about the flow and thermal fields inside a car cabin 
heated by solar load using the radiation model, the Ray Tracing model, and the Discrete Ordinates (DO) 
radiation model. In additional to the above, the effects of the material and optical properties on the entire 
flow field have also been studied. Alexandrov et al. [4] have also numerically studied the efficiency of a 
car HVAC system by varying its main parameters, such as the car velocity, the air velocity, the outside 
temperature, the inlet air temperatures and inlet/outlet configurations. They found that modifying the air 
inlet/outlet configurations can significantly modify the presence of zones of low air circulation in the 
cabin. Chien et al. [5] employed the cooling cycle analysis and conjugate heat transfer analysis at the 
ceiling, the floor, and the sides to analyze the transient 3D turbulent flow and thermal behaviors within a 
car cabin. Their prediction of cabin temperature field agreed excellently with their experimental data. Al-
Kayiem et al. [6] have published their experimental and CFD findings about car parked in an open space 
under direct sun. Their simulations proved that most hot air gathers in the top part of the cabin due to 
natural heat convection from the dashboard and the rear windshield. Zhang et al. [7,8] have simulated 3D 
heat transfer and fluid flow patterns within the cabin, with and without passengers. Also, their findings 
agreed well with their experimental measurements.  
KYMCO is a sizable vehicle manufacturer in Taiwan. It was established in 1963 and has since then 
contributed to the industrial development of Taiwan. In the beginning, KYMCO was committed to 
producing scooter and motorcycle. After years of hard work in research and development, KYMCO has 
gradually gained international recognition and confidence for their scooter and motorcycle. Based upon 
their experience and expertise, KYMCO then developed UXV which shares the versatility of an SUV and 
the practicality of a modern pick-up. The basic model of a KYMCO UXV-500 is shown in Fig. 1. The 
one shown on the right is a modified version of that on the left by adding accessories such as windshields 
and ceiling panel. In the future, the next generation of UXV will be redesigned so that it is solely 
electrically powered. Not only so, side doors will also be available as future accessory.  The goal of 
present study is to examine the feasibility of improving the thermal comfort in an electric UXV car cabin 
solely through the application of solar energy. 
2. Computational Approach  
In this work, the feasibility of reducing the green house effect in an electric car cabin was investigated 
using FLUENT 6.2.16. An exhaust fan device powered by a membrane solar cell is proposed to remove 
the heat from the cabin. The dimensions of the CFD model in this study were based on an actual Kymco 
UXV-500 cabin. For simplicity, only the cabin space of the model was considered while the other parts of 
the car were ignored. Appropriate boundary conditions were applied on the body parts and the glasses 
covering the cabin space. The air in the cabin was assumed incompressible and Newtonian while other 
mechanical properties involved were assumed constant. The standard k-ε turbulence model was employed 
along with the Boussinesq approximation and the Surface-to-Surface (S2S) solar thermal radiation model  
                         
Fig. 1. Pictures of KYMCO UXV-500                                                     Fig. 2. Computational domain of current study 
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to solve for the steady-state temperature distribution in the cabin. The model was assumed located at 
Pingtung (longitude 120.61°, latitude 22.64°), the southern part of Taiwan on July 21. The sun was 
modeled by a blackbody at 5800K whose internal emissivity was 1.25x10-5. The cabin is shown in Fig. 2. 
The box outlines the size of current computational domain. 
The governing equations involved in this study include the continuity equation, the Reynolds-averaged 
Navier-Stokes equation, the turbulent kinetic energy transport equation, the turbulent dissipation transport 
equation, and the energy equation. By solving them simultaneously, the distributions of pressure, velocity, 
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For brevity, the nomenclature of the parameters appeared in the above equations are not listed here. 
However, the usage of these parameters follows strictly with their conventional definitions and this 
convention can be easily found in many reference books related to CFD. For more detailed information, 
the readers are recommended to refer to [9]. 
3. Results and Discussions 
The reasoning of current work can be divided into three stages. In the beginning, the green house 
effect of the electric car cabin was computationally determined. Then, the plausibility and specifications 
of a self-sustainable solar powered exhaust fan device were examined and identified. Finally, the effect of 
such a device was predicted through the computational means. 
3.1 Irradiation heating of car cabin 
Shown in Fig. 3 are the temperature distributions at different times on the symmetrical plane in the 
electric car cabin that is facing west. A grid refinement test had been performed and it was found that a 
grid size of 680,000 was reasonably sufficient when taking the computational time into consideration. As 
early as 9 a.m., the solar irradiation enters the cabin through the rear windshield leading to a higher 
temperature at the top portion of the rear seat back. As the sun gradually moves to the opposite side of the 
cabin, the ceiling of the cabin heats up and the temperature of the ceiling panel is the maximum at noon 
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due to direct sun beam. In the afternoon, solar thermal radiation directly hits on the front seat bottom, the 
base of the steering wheel, and the dashboard causing apparent localized hot spots.   
It is remarkable to remind that the sun ray beams on the cabin through the rear windshield in the 
morning while the sun in the afternoon beams through the front windshield. The present steady-state 
results show that the temperature field of the cabin air is more stratified in the morning despite the 
presence of hot spots while the air temperature distribution within the cabin is more uniform in the 
afternoon. The solar irradiation in the afternoon is more likely to enter the cabin through the windshield 
glass than that in the morning mainly because of the reflection angle between the windshield glass and the 
sun ray. With higher amount of solar irradiation hitting on the cabin interiors, the interiors absorb the 
solar thermal radiation energy and eventually re-radiate their heat leading to a more obvious second times 
radiative heating. Fig. 4 shows the temperature variation of the main cabin interiors at 3 p.m. The seat is 
assumed made of leather and its heating is mainly due to heat radiation rather than heat conduction. 
3.2 Determination of cooling device components and specifications 
Based on the results obtained from the previous section, it is apparent that the cabin ttemperature can 
be further reduced with the installation of a cooling device. For this reason, an additional device was 
introduced so that the hot cabin air could be removed and replaced with cooler ambient fresh air. This 
device consisted of a diverging channel in which a number of axial fans were connected in a parallel 
electric circuit setting. When activated, the axial fans will produce a pressure gradient in such a way that 
the hot cabin air is drawn out of the cabin. In order to prolong the usage of the onboard battery pack, the 
power source for these electric axial fans should be harvested somewhere else other than the onboard 
battery pack. For this reason, it is suggested that the device is attached to a membrane solar cell panel. 
The solar cell panel is installed on top of the car ceiling panel. Based on a survey the authors performed, a 
suitable solar panel was found manufactured and available in Taiwan. The voltage and open-circuit 
voltage of the 27W solar panel are 15 V and 21 V, respectively. The panel is capable of producing an 
electric current of 1.8A. It is (1,300 x 420 x 1) mm3 and weights about 1,100 g. Considering the flow rate 
requirement, 4 axial fans were needed to effectively exchange the cabin air. A suitable fan was also found. 
The electric current, voltage, driving voltage, cut-off voltage, and power are 258 mA, 12 V, 4 V, 3.6 V, 
and 3.1 W. When rotating at a speed of 6,100 rpm, the fan would produce a maximum flow rate of 31.5 
(a) 9 a.m. (b) 10 a.m. (c) 11 a.m. (d) 12 p.m. 
(e) 1 p.m. (f) 2 p.m. (g) 3 p.m.  Fig. 4. Temperature distributions on 
the car interiors at 3 p.m.Fig. 3. Temperature distributions in the car cabin at different times
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cfm or a static pressure of 0.42 in-H2O. It is (60 x 60 x 25) mm
3 and weights about 75 g. This non-moving 
fan would never start operating unless an electric voltage of roughly 4 V and a current of roughly 258 mA 
is provided. Since then, only at least 3.1 W was needed to maintain its operation.  
However, it must be aware of the fact that the sun condition varies substantially with the instantaneous 
cloud condition. Not only so, it is very unlikely that a driver would purposely park his car in un-shaded 
area just to harvest the solar energy so that the device can keep on removing the hot cabin air heated by 
solar irradiation. Considering these practical situations, a rechargeable battery was incorporated into the 
system. The battery mainly serves to drive the exhaust fan device when there is not enough solar energy 
but the cabin temperature is high. On the other hand, the battery should also help jump start the fans if the 
solar panel can only provide enough power to maintain the fan operation but not enough to start a 
stationary fan. A rechargeable battery was selected for this purpose. Its capacity and voltage are 850 mAh 
and 3.7 V, respectively. Its optimal charge capacity is 0.5-0.7 C. For this specific battery, a capacity of 1 
C implies that this battery is capable of supplying an electric current of 0.85A consistently for an hour. It 
is (48 x 38 x 6.2) mm3 and weights about 16.5 g. A strategy was also developed to manage the solar 
power harvested. In brief, under sufficient solar irradiation, the solar power is used to drive the axial fans 
and charge the battery simultaneously. If not, the power will drive the axial fans but will not charge the 
battery. In cloudy conditions, the electric energy in the battery will take over to jump start the fans and the 
solar energy is used to maintain the fan operation. In the worst scenario, the battery is responsible to drive 
the fan. Based on ideal estimation, the battery is capable to drive the fans for about 45 minutes. In the first 
glance, 45 minutes may seem to short. However, it is important to remember that a cloudy sky also 
implies a low solar irradiation and therefore a low requirement for cabin hot air removal. The pictures of 
the solar panel, the axial fan, and the battery are shown in Fig 5. 
3.3 Effects of the cooling device 
Another series of simulations were performed to study the benefit of installing the cooling device. In 
these cases, a pressure gradient was applied at the boundaries representing the exhaust fans. As mentioned 
in the previous sub-section, the fan was capable of producing a static pressure of 0.42 in-H2O (i.e., 1046 
Pa), a reduction of 50% in static pressure was assumed performing the simulation in this sub-section. This 
reduction actually accounted for the internal loss caused by the car itself. If the aforementioned cooling 
device is installed right below the ceiling, the cabin air temperature reduces tremendously. Fig. 6 shows 
the temperature distributions at 3 different cross sections. Cross section (b) is located at the mid-plane of 
the cabin whereas cross sections (a) and (c) are the planes dissecting the cooling device. Clearly, as hot 
cabin air is removed, a stream of cooler air enters the cabin from the vent in front of the dashboard. This 
cooler air is recognized as the regions colored in darker blue in Fig. 6(b). Also found is that the 
temperature at the cross section (c) across the steering wheel is somewhat greater than that of cross 
section (a). This is because the hot steering wheel behaves as a heat source in the cabin radiating heat 
energy from its surface. Fig. 7 shows the corresponding contour of the velocity magnitude. Clearly, the 
fresh air enters the cabin like a jet. 
(a) (b) (c) 
Fig. 5. Pictures of the main components of the device: (a) solar panel, (b) axial fan, and (c) battery 
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(a) (b) (a) (b) 
(c) (c)
Fig. 6. Contours of the temperature distribution at 
different cross sections
Fig. 7. Contours of the velocity magnitude at  
different cross sections
4. Conclusions 
A successful numerical study on heat removal from a car cabin has been performed in this work. The 
installation of a cooling device can effectively replace cabin hot air with cold ambient fresh air. The 
settings of the boundary conditions applied in the simulations were determined based on the 
specifications of the actual device. 
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